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ABSTRACT 

Aims. We report the discovery of a peculiar object observed serendipitously with XMM-Newton. We present its timing and spectral 
properties and investigate its optical counterpart. 

Methods. The light curve of the X-ray source, its spectrum, and the spectrum of the best optical counterpart are presented and 
analyzed. 

Results. The X-ray flux decreases by a factor of 6.5 within 1 h and stays in a low state for at least 10 h, thereby suggesting the presence 
of an eclipse. The spectrum is very soft, a power law with a slope of F ~ 2.8, and does not change significantly before and after the 
flux drop. The source is spatially coincident within few arc-seconds with a Seyfert 2 galaxy belonging to a galaxy pair. 
Conclusions. Although the background AGN seems the best counterpart, neither the temporal nor the spectral properties of the X-ray 
source are compatible with it. We investigate the possibility of having a foreground low-mass X-ray binary in quiescence, where the 
companion is not detected in the optical wavelength. 
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1 1. Introduction 

. In this paper we report the discovery of an X-ray source for 
which the flux drops abruptly by a factor of 6.5 within one hour, 
and stays in this low state for at least 10 hours. The nature of the 
■ source described in this paper is very ambiguous. The X-ray light 
' curve suggests the presence of an eclipse and hence a binary sys- 
, tem. The detected optical counterpart is a pair of galaxies, one 
of which is a Seyfert 2 AGN. The X-ray spectrum is also very 
soft so as to be compatible with such an AGN. We suggest the 
possibility that we have a foreground low-mass X-ray binary in 
quiescence for which the optical counterpart is below detectabil- 
ity, but we do not exclude the presence of a peculiar AGN. In this 
section we introduce the general X-ray properties both of low- 
mass X-ray binaries in quiescence and of Seyfert 2 galaxies. 

Low-mass X-ray binaries (LMXBs) are composed of a 
compact object, either a neutron star (NS) or a black hole 
(BH), accreting matter from a companion star with masses < 
1 Mq. These objects have typical X-ray luminosities of about 
lO-'^-IO^'* erg s"' but can drop down to lO^'-IO^^ erg s"' dur- 
ing quiescence. At high luminosities, the disk is optically thick 
and geometrically thin, while a hot optically thin, advection- 
dominated accretion disk is expected for lower luminosities. In 
the advection-dominated accretion flow (ADAF) model, the ra- 
diative efficiency is very low (~10 "^-10"^) and most of the grav- 
itational energy is stored as internal energy and ad vected towards 
the compact object with little X-ray emission ( iNaravan et alj 
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Il996h . A hot quasi-sph erical flow is expect ed in the inner re- 
gions producing X-rays dNarayan et al.lll996l) . 

The spectrum of NS-LMXBs in quiescence displays a 
soft (kT~0.1 keV) thermal component dMcCUntock et alj|2004 . 
probably associated with the stellar surface. Indeed, the observed 
X-ray luminosities, temperatures, and distance of these systems 
indicate that the thermal emission comes from a source with a 
radius of ~10km. On the other hand, for BH-LMXBs in quies- 
cence, no t hermal emission has been reporte d for the 15 sources 
reported bv lMcClintock & RemillardI (|2004|) . since they possess 
an event horizon. Their spectra are we ll-fitted by a single power 
law w ith a photon index 1.5< F <2.1 ( iMcClintock & RemillardI 
12004 . 

The brightest and best-studied NS-LMXBs in quiescence 
are Cen X-4 and Aql X-1. Spectral and temporal analysis 
of thes e sources durir i g quie scenc e are reported, for exam- 
ple, by ICampana et"aLl l2004 and ICampana & SteUal (l2003b . 
respectively. Both sources display a thermal component and 
a power law, as well as short- timesc ale temporal variability 
( ICampana & Stella 2003; Rutledge et al. 2002). The X-ray Nova 
V 404 Cygni is, on the other hand, the brightest stellar-mass BH 
in quiescence . A rec ent review of its properties is reported by 
iBradlev et al.l (l2007l) : the spectrum in quiescence is typically a 
power law with a F ~ 2, consistent with with what is expected 
for the advection-dominated accretion flow. In the low state, the 
source is also variable on a short time scale up to a factor of >20 
during a 60 ks observation jHvnes et al.ll2004 . 
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We review in this paragraph some of the X-ray properties 
of Se yfert 2 galaxies. In the unified model for AGN ( lAntonuccil 
1 1993b . Seyfert 2 galaxies are identical to the Seyfert 1, but ob- 
served at high inclination angle. The nucleus of Seyfert 2 galax- 
ies is therefore not directly visible, and shows much higher col- 
umn densities than i n Seyfert 1 objects, blocking the soft X- 
ray flux below 2 keV. iRisaliti et al.l d 19991) show that all sources 
of their sample of Seyfert 2 galaxies have A^h ^ 10^^ cm"^, 
and 75% Ah > l O^^cm'^. Their spectra are relatively hard. 
iMoran et al.l (1200 ll) show a composite spectrum for 29 Seyfert 2 
galaxies observed with ASCA . The continuum is described by 
a double power law component: an unabsorbed component (en- 
ergy index a'=0.84) dominates below 3keV, and at higher ener- 
gies the spectrum is dominated by a heavily absorbed compo- 
nent (Ah = 3 X 10^^ cm"^, q'=0.46). An Fe Ka line is present at 
6.4 keV, with an equivalent width of 420 eV. Small-amplitude, 
short-timescale var iability is observed for Seyfert 2 galaxies, as 
lAwaki et"an (l2006h . These authors report variation of a factor 
less than two for 13 Seyfert 2 galaxies observed with XMM- 
Newton, on a time scale of a few thousand seconds. 

The paper is organized at follows. Section |2] describes the 
XMM-Newton and optical observation and data reduction. In 
Sect. [3] we present timing and spectral analysis of the source, 
reserving discussion for Sect. |5] 



2. Observation and data reduction 

2.1. XMM-Newton data 

XMMU J134736.6+173403 was observed serendipitously by 
XMM-Newton on 2003 Ju ne 24 for 64ksec, the target being 
Tau Boo. The EPIC-MOS dTurner et al.l 1200 lb were op erated 
in large window mode and EPIC-pn ( IStriider et al.ll2001b cam- 
eras in full frame mode with the thick filter for all instruments. 
The optical monitor was blocked throughout the full observa- 
tion. After screening the MOS data for proton flares using stan- 
dard procedure^, a total of 60 and 56 ksec of low-background 
emission remained for the MOS and pn, respectively. 

Using the XMM-Newton Software Analysis System (SAS) 
edetect_chain task, which performs maximum-likelihood 
source detection, XMMU J134736.6-H173403, observed at ~ 8' 
off-axis, was detected with a maximum likelihood of 3 x 10"*. 
The best-fit coordinates were q;j2ooo - 13^47™36^;6 and 6 moo - 
-i-17°34'02'.'8 with a statistical error of (X'l. Since the source is 
off-axis, however, the uncertainty on the statistical error might 
be much greater than what is provided by edetect_chain. 
Combining this error to the systematical shift expected between 
X-ray data and optical counterpart (typically few arcsec), the to- 
tal estimated error is about 3'.' 



Table 1. Results of the spectral fits for 
XMMU J134736. 6+173403, using an absorbed power law 
model (phabs-'power, in XSPEC). 



2.2. Optical counterpart spectra 

Low-resolution spectroscopy was performed with ISIS at the 
William Herschel Telescope (ING, La Palma) in the night 2007 
June 14 in service mode. The slit was aligned east-west to get 
the spectra of the galaxy and the AGN in the same frames. The 
blue and red spectra were acquired simultaneously on two dif- 
ferent CCDs, thanks to a dichroic system. Two short exposures 
of 10 mn each were made to avoid cosmic rays. 

The data reduction was performed in a standard way for both 
the blue and red spectrum parts. We wrote a dedicated and semi- 
automatic MIDAS batches for ISIS long-slit spectra essentially 
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using the LONG package. We first performed the standard reduc- 
tions, i.e. a bias substraction, a flat-fielding, and a cosmic rejec- 
tion. Then we extracted the arcs at the object position, summed 
them if more than one, and from them we identified some lines 
and automatically performed a wavelength calibration. All the 
objects were calibrated in wavelength, corrected from the mean 
extinction, and calibrated in fluxes with 3 standards stars taken 
during the night. This instrumental response is very stable in 
time, regular checks are done monthly. Finally, from these 2D 
images we extracted the objects with an optimized spectrum ex- 
traction batch and a line-fitting to measure the line intensities 
and the redshift. 



3. Timing and spectral analysis of 
XMMU J1 34736.6+1 73403 

The combined EPIC-MOS and pn background-subtracted light 
curve is shown in Fig. [T] (top), with a time bin size of 500 sec. 
The corresponding hardness-ratio light curve is given at the bot- 
tom, with a time bin size of 2000 sec. Hard and soft bands are 
given by H=2-10keV and S=0.2-2keV, respectively. Times are 
given in hours from the start of the observation. Periods of high 
background at the end of the observation were excluded from 
the data. The straight lines show the average of the respective 
portion of the curves. In the first curve the flux drops by a fac- 
tor of 6.5 within 1 hr We searched for periodicities between 10 s 
and 6 hr in the light curve before the dip where the flux is visibly 
variable. We found a significant modulation at 1.8 h, but more 
data are needed to confirm the periodicity. On the other hand, 
no periodic signal was found in the low state. The fractional 
root mean-square var iability amplitude, defined for example in 
IVaughan et all (|2003|) . Fvar, is 13.7+1.2% before the flux drop 
and 13.2+3.8% after it, showing that the short-term variability 
is roughly constant during the observation. The hardness-ratio 
light curve does not vary after the flux decline either 

Figure |2| shows the pn and MOS spectra of the source. The 
data are binned to have at least 25 counts in each energy bin. The 
source is described well by a power law model, yielding j^^J / v = 
1.18 in the high state andxl/v = 0.85 in the low. Adding another 
component does not improve the fit. The best-fitting parameters 
of the absorbed power law model are shown in Table [T] Here, 
A^H is the equivalent column density of neutral hydrogen and F 
the photon index. The corresponding 0.2-lOkeV flux is shown 
in the last row. Uncertainties are given at a 90% confidence level. 

We searched for X-ray data for the source from other X-ray 
satellites: no observation has been performed with Chandra, and 
the source is detected in neither the all-sky survey nor in a short 
(600 s) PSPC observation from the ROSAT satelUte, where the 
upper limit flux was of 3 x lO"'"* and 8 x lO"'"* erg s^'cm"^, re- 
spectively. The source was, however, visible in a ~80ks ASCA 
observation and reported in the catalogue of ASCA sources 
dUeda et alj2005l) . Their flux and hardness-ratios are compatible 
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S. Carpano et al.: XMMU J134736.6+173403: an eclipsing LMXB in quiescence or a peculiar AGN? (RN) 



3 




-1.0 



-1.2 




5 10 
Time (hours) 



15 



Fig. 1. Mean XMM-Newton EPIC-MOS and pn background- 
subtracted light curve of XMMU J134736.6+173403 (top), 
and the corresponding hardness-ratio light curve (bottom). The 
straight lines show the average of the respective portion of the 
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Fig. 2. XMM-Newton EPIC-pn and MOS spectra of 
XMMU J134736.6+173403 in the high state, fitted with 
an absorbed power law. Bottom: residuals expressed in cr. 



ASCA light curve, and there does not seem to be any flux drop 
like the one observed in the XMM-Newton data, although the 
count rate is very low (5 cts ks"'). 



4. The optical counterparts 

Figure [3] shows the optical counterpart image of the X-ray 
source. The circle is centered on the position of the X-ray source 
and the radius is 3". Both sources are extra-galactic objects with 
a redshift of z=0.045. From the image and the spectrum, the 
source on the left is a normal galaxy with some emission lines 
(not shown in this paper). The object on the right has a spectrum 
typical of a Seyfert 2 galaxy (narrow H/j line and Om/H/j <3, see 



Fig. 3. Color-composite image of the optical counterpart from 
the Sloan Digital Sky Survey (SDSS). The red color is associated 
with the R band, the green color with the G band, and the blue 
color with the U band. The circle is centered on the X-ray source 
and the radius is 3". 
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Fig. 4. Optical spectrum of the best optical counterpart of 
XMMU J134736.6+173403. The width of the line, and the 
ratio between Oni over Hp (<3) is consistent with the spectrum 
of a Seyfert 2 galaxy. 



Fig.llll. At this distance the sources are separated by lOkpc (cor- 
responding to 10"), suggesting that they form a pair of galax- 
ies, maybe in interaction. The Seyfert 2 galaxy is also associated 
with a radio source with an intensity of 17.91 mJy at 1.4Ghz 
dBecker et al.ll2003b . 



5. Discussion 

We reported the discovery of an X-ray source that presents a flux 
drop of a factor of 6.5 within 1 h and stays in a low state for at 
least 10 h, suggesting an eclipse. From optical archived images, 
there are two counterparts: the first an extended normal galaxy 
and the second a point source. A radio source is also associated 
to this last one. We got the optical spectrum of the two objects 
from the ING Telescope in La Palma. The extended object is 
indeed a redshifted object with emission lines consistent with a 
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normal or slightly active galaxy. Surprisingly, the second object 
appeared at the same redshift (z=0.045) and has a spectrum typ- 
ical for a Seyfert 2 galaxy. At that distance the objects are sep- 
arated by lOkpc, suggesting that they form a pair of galaxies, 
maybe in interaction. 

Within this context, the X-ray source would be associated 
with the Seyfert 2 galaxy (generally strong X-ray sources) rather 
than the normal galaxy. At this distance, the observed luminosity 
in the 0.2-lOkeV band is 6.5x10"*^ erg s ' in the high state and 
1x10"*^ erg s"' in the low state. This kind of luminosity is typical 
of Seyfert 2 galaxies. The temporal and spectral properties of the 
X-ray object are unexpected, however, for such an AGN. A flux 
drop of a factor of 6.5 within 1 h has never been reported so far, 
especially for Seyfert 2 galaxies where the galaxy is observed 
edge-on. The spectrum, furthermore, is extremely soft for such 
a galaxy and does not present any Ka line at 6.4 keV. 

We thus believe that the source is a foreground object within 
the line-of-sight of this pair of galaxies. The detection limit of 
the Sloan Digital Sky survey is 23 .3 mag and 23 . 1 mag in the 
green and red bands, respectively jWillman et al.l 120021) . Since 
the size of the Galaxy towards the s ource is ab out 5 kpc, the com- 
panion must be type M2, My-9.9 (ICoxll2000h or later to explain 
the non-detectability. Assuming the object is at 5 kpc, the lumi- 
nosity is 4x10-'"' erg s"' and becomes 6x10-^^ ergs"' if the source 
is at only 2 kpc (implying therefore a M4/M5 dwarf companion). 
This is well within the range of what is expected for low-mass 
X-ray binaries in quiescence and is consistent with these objects 
having K or M companion stars. We exclude the presence of a 
cataclysmic variable, since their orbital periods are only a few 
hours, while here, if the flux drop is associated with an eclipse, 
it must be at least ~1 day. We note that the spectrum is a bit too 
soft (F ~ 2.8) for an BH-LMXB in quiescence and that a power 
law continuum in unexpected for a thermal emission from a neu- 
tron star surface. 

If the X-ray source is a foreground object, then the X-ray flux 
of the background AGN should also be detected and both are 
probably confused. A deep Chandra observation of the system 
might represent the only solution for disentangling the LMXB 
picture or the peculiar AGN scenario. Thanks to its better spa- 
tial resolution, we might be able to resolve 2 hypothetical point 
sources in the first scenario, while one single source, associated 
with the AGN, should be observed in the second case. 
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